Nearly all of them presented with symptoms of cardiac failure, loin pain or a combination of these. The fistula was detected in periods varying from five months to thirty-five years after the nephrectomy, the average time being 13-4 years. But symptoms are not necessarily present.
Case History
A local government officer, now aged 36, had a right nephrectomy done elsewhere on account of tuberculous disease in 1950. This was carried out through the bed of the 12th rib. The pedicle was ligated twice en masse with Chinese white silk and after removal of the kidney the vessels were then ligated separately.
An intravenous pyelogram a year later showed a normal left kidney. No calcification was seen in the right renal area.
Subsequently he developed a bladder contracture and in October 1953, three years after the right nephrectomy, the left ureter was implanted into the colon. Following this he had a few episodes of urinary infection.
In 1956 a further intravenous pyelogram showed a normally functioning left kidney but now a small area of calcification was noted in the right renal area (Fig 2) .
Having been notified as a case of tuberculosis, he was under the usual supervision by his local chest clinic physicians, who continued to find his lungs clear but, from about 1956 (six years after the nephrectomy), chest X-rays showed an increase in the size of the cardiac silhouette. In 1951 the cardiothoracic ratio had been 50%; in 1956 it was found to be 60%. This cardiac enlargement led to his chest being examined clinically in 1960, when a soft shunting bruit was noted in the lower right chest and was traced down to its site of maximal intensity in the right loin over his old nephrectomy scar. He continued to be symptom free and was in fact shown as a case of interest at a clinical meeting in 1961.
He was referred by the Chest Clinic to the Cardiovascular Department in the Newcastle General Hospital in September 1964 for further assessment. At this time his blood pressure was 120/50, in comparison with 120/80 two years previously. The bruit was now continuous with systolic accentuation. The cardiothoracic ratio was 58 %. On intravenous pyelography the left kidney continued to look normal but there was now more extensive calcification in the right renal area (Fig 3) . An aortogram (Fig 4) showed an arteriovenous fistula with a smooth aneurysmal sac corresponding to the site of the calcified area seen on the plain X-ray. There seemed little doubt that his cardiac enlargement was due to a high output state, with potential future failure, so closure of the fistula was advised. Operation (20.10.64): The aneurysm was exposed by a right thoraco-abdominal extraperitoneal approach 4 Section of Urology Triangular area of calcification through the bed of the 11th rib. A continuous thrill, with systolic accentuation, was felt in the sac and to a much less degree in the inferior vena cava which was moderately dilated. The renal vein was about 1-5 cm in diameter. The main renal artery was enlarged to 1 cm in diameter and was densely adherent to the inferior vena cava; it bifurcated into a small upper and a larger lower branch, which entered the sac about 1 cm apart. The three vessels were doubly ligated with silk and the sac excised.
Apart from a small rise of blood urea (from 46 to 67 mg/100 ml) and a fall in the alkali reserve for a few days, he made an uninterrupted recovery. There was no post-operative hypotension and the blood pressure has remained around 120/80 since operation. X-ray of chest on the thirteenth post-operative day showed Right renal arteriovenous aneurysm reduction of cardiac size to normal (cardiothoracic ratio 50 %), as it has remained since, and he continues to be symptom free. Specimen ( Fig 5) : After removal the sac and vessels decreased in size. The sac then measured about 3 x 2 x 2 cm and was about 3 mm thick. It was fed by two arteries: the larger entered just behind the lower medial angle and the smaller entered the posteromedial wall of the sac, 1 cm higher up. The sac was drained by a single vein, leaving the upper medial angle. On opening the sac, three separate areas of calcification were foundone on the anterior wall, which was annular, and two on the posterior wall, one having been fractured during manipulation. Delicate thrombi adhered to the posterior wall.
Histological examination showed hypertrophy of the muscle of the artery and the vein. The wall of the sac contained muscle fibres, confirming it to be a true aneurysm, presumably derived from the vein.
DISCUSSION
These cases pose some interesting questions: Cause There appears to be more than one answer to this most important question:
(1) Manifest failure of adequate ligation of the renal vessels, though obviously a strong predisposing cause, was in fact recorded in only two of the cases. One of these (Elliot 1961) (2) In the others, the method of ligation presumably must be significant. The main variations of technique are, of course, individual ligation, en masse ligationeither in continuity or after clampingand the pedicle may or may not be transfixed. The only 6 cases adequately documented show that mass ligation was employed in 5 (Elkin 1948 , Muller & Goodwin 1956 , Brandt 1963 , Esquivel & Grabstald 1964 , and the present case); in the only one in which the artery and vein were ligated individually (Hollingsworth 1934) , the pedicle was transfixed and there was tuberculous wound infection for eight months. Crushing the vessels by a heavy clamp and then ligaturing them en masse must result in necrosis of a length of their adjacent walls; presumably it is clot formation and its organization that prevents arteriovenous fistulae from occurring much more often. A small secondary htmorrhage from the artery into the vein could account for many of the cases. A high proportion of all kidneys removed are, of course, infected. Adequate data are lacking in too many of this series to draw conclusions but it may be noted that 5 of the cases were tuberculous and there was only one almost certainly sterile case (Esquivel & Grabstald 1964) where the nephrectomy was performed for hypernephroma. An alternative mechanism is the creation of a small arteriovenous communication at the time of nephrectomy; this could occur either by transfixing the vessels themselves or by the retraction of adjacent margins of the vessels inside the mass ligature during removal of the clamp.
(3) Whatever the cause of the fistula, arterial degeneration with aneurysm formation would obviously be a strong predisposing factor, and it would be very easy to overlook a small aneurysm when ligaturing en masse. The first Newcastle case (Gokam & Swinney 1962) was bilocular and might well have been one with an arterial aneurysm initiafty. In the present case and in 2 others (Schwartz et al. 1955 , Elliot 1961 ) the sac had a double arterial supply, which excludes a primary arterial aneurysm in these cases.
Apparent Rise in Incidence
The apparent rise in incidence is certainly not due to a greater number of nephrectomies each yearthis number is in fact remarkably constantnor presumably to an increase in the causal factors in the renal pedicle; it would seem obviously to be the result of an increase in the detection of these fistule. A bruit was present in the loin in all the 17 cases. The rise in incidence should, therefore, correspond to a rise in the incidence of physicians' listening to the loin: widespread interest in renal artery stenosis began at about the same time as the incidence of reported arteriovenous fistule began to rise. More case reports can, therefore, be anticipated. To confirm that silent arteriovenous fistule were not occurring very much more frequently than is thought, we reviewed 56 patients who had had a nephrectomy more than six years previously. About half (31) of them were cases from a hospital where mass ligation of the renal pedicle was the rule. The remainder were our own cases who had had individual ligation of the vessels whenever possible. In none of the cases was any bruit heard over the nephrectomy area.
Side
Nephrectomies are almost equal on the two sides, e.g. in our last hundred nephrectomies 51 were right and 49 were left; 13 right-sided fistule compared with 4 left-sided, although not quite statistically significant, is at least very suggestive of a right-sided preponderance. Detection of more fistulae on the right than on the left may indicate that a fistula either occurs, or persists and enlarges, or produces symptoms more often if the nephrectomy is on the right side. Hypothetically the longer left renal vein crossing the aorta might either discourage progress of a minute fistula or, if one has developed, might produce less hemodynamic disturbances than a fistula through the short right renal vein into the inferior vena cava. A simpler concept is that the shorter right renal pedicle may increase difficulties of ligation and, therefore, the chances of technical errors such as the retraction of adjacent margins of the vessels during mass ligation.
Renal Hypertension after Closure of Post-nephrectomy Arteriovenous Fistula Two cases in the series with a pyelonephritic remaining kidney (Harbison et al. 1960 , Brandt 1963 developed hypertension after closure of the fistula on the opposite side. It may be, as suggested by Brandt, that the higher pulse pressure in the aorta maintains a pulse pressure in a kidney beyond an arterial or arteriolar stenosis which would otherwise result in hypertension. On closure of the fistula, the effects of the renal ischkmia then become apparent. In the present case the remaining kidney was presumably pyelonephritic due to its ureterocolic anastomosis but no hypertension developed after closingthefistula.
Conclusions
Arteriovenous fistula following nephrectomy is rare but probably not so rare that it can be ignored as a possible complication. Whatever the detailed mechanism in any case, individually ligating the renal vein and avoiding proximal clamping of the vessels must greatly reduce the The dietary management of chronic renal failure has probably added a year or so to the life of the average patient with chronic renal disease; of prime importance is control of the intake of protein and electrolyte.
Protein
Over the last seven years our dietitians have experimented with natural food diets in an effort to find optimum intakes which anorexic patients in severe renal failure will accept with minimum rejections. Three standard diets of 20, 40 and 60 g protein content, made of foods readily acceptable to our local population, have been adopted and have been compared in patients with chronic renal failure on 22 mEq sodium intake. Urea production rate was measured by the 14C-labelled urea turnover method (Walser & Bodenlos 1959 , Robson etal. 1964 ).
In 5 of 6 patients on two different protein intakes, there was an appreciably higher urea production rate on the higher protein intake; in 5 studies 40 g intake causes a 28 % higher urea production rate on average than the 20 g intake. We concluded that the 20 g diet is indicated when it is essential to minimize uremia. However, in 6 out of 9 patients on a 40 g diet, and in all 8 patients on the 20 g intake, urea production was greater than could be accounted for by catabolism of the exogenous protein alone. We concluded that on these restricted diets patients were catabolizing body protein, which was confirmed by weight loss and muscle wasting when the restricted diet was prolonged.
An analysis of these diets showed that the 20 and 40 g protein diets were deficient in calories (1,400 and 1,800 calories per day respectively) and only about one third of the protein was in the form of essential amino acids.
We tried the effect of correcting calorie deficiency by administering 20 g diets to 6 patients with and without a supplement of 850-1,700 calories per day in the form of Hycala liquid glucose preparation less sweet than most carbohydrate concentrates: there was a mean fall of 37 % (P<002) in urea production when the calorie supplement was added but the reduced rate was still higher than it should have been if only exogenous protein were catabolized (Robson et al. 1965) .
Giordano (1963), Giovannetti & Maggiore (1964) , Berlyne et al. (1966) and others have shown that if patients in renal failure are fed a diet of low protein content, with a high proportion of the protein yielding essential amino acids, they can re-utilize their own urea by unknown. pathways to build protein, with a concurrent reduction in blood urea and relief of gastrointestinal symptoms. The effect is often quite dramatic (Fig 1) . However, it must be pointed out that this regime utilizes unnatural spaghetti or unpalatable bread as the main source of calories and that these are unacceptable to a considerable proportion of British patients, particularly women. When used successfully these diets provide a much higher calorie content than conventional 20 g diets and we have found that if patients fail to eat all the diet they relapse into uremia. It is therefore important to ascertain whether adequate calorie content is the main explanation of 
